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a b s t r a c t 

COVID-19 is caused by a novel coronavirus and has played havoc on many countries across the globe. A 

majority of the world population is now living in a restricted environment for more than a month with 

minimal economic activities, to prevent exposure to this highly infectious disease. Medical professionals 

are going through a stressful period while trying to save the larger population. In this paper, we develop 

two different models to capture the trend of a number of cases and also predict the cases in the days to 

come, so that appropriate preparations can be made to fight this disease. The first one is a mathematical 

model accounting for various parameters relating to the spread of the virus, while the second one is a 

non-parametric model based on the Fourier decomposition method (FDM), fitted on the available data. 

The study is performed for various countries, but detailed results are provided for the India, Italy, and 

United States of America (USA). The turnaround dates for the trend of infected cases are estimated. The 

end-dates are also predicted and are found to agree well with a very popular study based on the classic 

susceptible-infected-recovered (SIR) model. Worldwide, the total number of expected cases and deaths 

are 12.7 × 10 6 and 5.27 × 10 5 , respectively, predicted with data as of 06-06-2020 and 95% confidence in- 

tervals. The proposed study produces promising results with the potential to serve as a good complement 

to existing methods for continuous predictive monitoring of the COVID-19 pandemic. 

© 2020 Elsevier Ltd. All rights reserved. 
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. Introduction 

COVID-19 is a viral disease quickly spreading its roots in var-

ous parts of the world. Its symptoms include fever, sore throat,

oughing, and difficulty in breathing. The first few cases appeared

n Wuhan, China, and then gradually, cases started coming up in

any other countries as well. The entire world is facing an un-

oreseen emergency, and people have been caught unawares. This

irus has infected millions of people globally. Many people have

ven lost their livelihoods and are struggling to fulfill their ba-

ic necessities in these difficult times. The current state of affairs

equires immediate corrective measures with people across the

orld locked in their houses and living in fear of getting affected

y this deadly virus if they step outside. The disease is highly con-

agious and can spread by coming in contact with an infected per-

on or even by touching any common surfaces. It can survive over

any surfaces for hours, and thus utmost caution needs to be

dopted to avoid contracting the virus. In this regard, the World
∗ Corresponding author. 
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ealth Organization (WHO) provided detailed information and ad-

isories in its report on 02-04-2020 [1] . In addition to sincerely fol-

owing the required precautions, the deployment of adequate med-

cal facilities is also necessary to fight this pandemic. 

The ever-increasing stress on health-care facilities and the re-

umption of economic activities can be managed more effectively

y developing suitable models for understanding and predicting

he spread of COVID-19. Prediction of turning point and duration

f outbreaks in western countries is performed in Zhang et al. [2] .

egression analysis is performed in Ghosal et al. [3] to predict the

umber of deaths considering data from India. Authors in Tomar

nd Gupta [4] employ long short-term memory (LSTM) model for

redicting the number of cases and analyze the effect of social iso-

ation and lock-down. Forecasts relating to the spreading of COVID-

9 in Italy, France, and China are presented in Fanelli and Piazza

5] . Prediction of infected cases in Italy is performed in Chintala-

udi et al. [6] using an auto-regressive integrated moving average

ARIMA) model. A simplified SIR (susceptible-infected-recovered)

odel is applied in Zhong et al. [7] to study the outbreak of this

isease in China. Identification of situational information from so-

ial media to help the authorities respond to epidemics is dis-

https://doi.org/10.1016/j.chaos.2020.110023
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cussed using a case study in Li et al. [8] . A research conducted by

Singapore University of Technology and Design (SUTD) [9] is us-

ing a data-driven SIR model characterized by regular updating of

parameters, to predict the end of this pandemic in different parts

of the world. The author in Batista [10] has implemented the SIR

model for the estimation of the final size and other parameters of

the COVID-19 epidemic across the globe. 

This research area is still nascent, and hence it is difficult to rely

on any single model for prediction. In this work, we design two

contrasting models for capturing the daily variations in the num-

ber of cases. Herein, the first model is in the form of mathemat-

ical series with different parameters to account for various phys-

ical phenomena dictating the count of people getting infected by

the virus. The model estimates the parameter values for three dif-

ferent countries, India, Italy, and United States of America (USA),

and thereafter, the prediction is performed for the next 30 days to

forecast the turnaround (peak active cases) day. On the other hand,

the second model extracts the trend and variability from the avail-

able data using the Fourier decomposition method (FDM) based on

the discrete cosine transform (DCT). The DCT works as an optimal

method for many applications such as image de-noising, Fractal-

based least mean squares (LMS) algorithm, image compression, and

first-order Gauss-Markov random signals [11] . Prediction is per-

formed using the Gaussian mixture model curve-fitting approach

to predict the total number of cases and the end-dates (occurrence

of 99% of the total expected cases) for the disease in various parts

of the world. 

The rest of the paper is organized as follows: Section 2 dis-

cusses the two models proposed in this work, defines various pa-

rameters associated with these models, and lays out the strategies

for predicting the cases in the next few days. Results are presented

in Section 3 for the three countries considered in this work with

an end-date prediction for some other countries as well. Finally,

the paper is concluded in Section 4 . 

2. Proposed methodology 

2.1. Mathematical model 

In this model, we signify the role of various parameters on the

total number of active cases Y n n th day after the disease started

spreading. The average number of people who came in contact

with an infected person on a daily basis are denoted by N c . Pa-

rameters α and γ represent the daily rate of testing and the daily

death rate, respectively, i.e., α is the ratio of people getting tested

and quarantined out of the total number of unidentified active

cases on any given day, while γ is the ratio of people dying in a

day out of the total number of active cases on that day. The num-

ber of new confirmed cases X n reported on n th day, are computed

as 

X n = 

[
X n −1 (1 − α)(1 − γ ) p 1 + X n −2 (1 − α) 2 (1 − γ ) 2 p 2 

+ X n −3 (1 − α) 3 (1 − γ ) 3 p 3 

+ . . . + X 1 (1 − α) n −1 (1 − γ ) n −1 p n −1 

]
N c , (1)

where p i denotes the probability of an infected person causing in-

fection to another person i days after he/she got infected. The virus

is said to have an average life of 14 − 15 days inside a human, and

in the first few days, it multiplies in numbers before its degrada-

tion starts. Hence, we assume that for d days after catching the

virus, p i remains unity and decays exponentially thereafter [12] ,

i.e., 

p i = 

{
1 1 ≤ i ≤ d 
exp [ −λ(i − d)] i > d, 

(2)

where the rate of decay λ = 1 / 7 , and d is assumed to vary between

6 − 10 days, depending on the immunity levels or the treatment
ffered to the infected individual. The patient recovers after the

irus has degraded substantially. Total number of active cases on

 th day are obtained as 

 n = X n + 

n −1 ∑ 

i =1 

X n −i (1 − γ ) i p i , (3)

here the multiplicative factors (1 − γ ) and p i account for the

umber of deaths and recovery of the infected people, respectively.

he value of N c depends on the precautions being practiced by the

eople, such as social distancing, wearing of masks, washing hands

n a regular basis, and staying in a quarantine environment after

ny suspected exposure to the virus. Government measures includ-

ng the closing of shops, schools, offices, markets, restaurants, and

ravel restrictions or imposition of a complete lock-down also help

n reducing N c and thus contain the spread of this highly conta-

ious disease. Further, as the value of α increases, more and more

nfected people are quarantined and hence cannot infect others,

hereby reducing the number of new cases X n . The total number of

nfected cases depends on all the parameters, as discussed above,

ith N c and α being the most significant of these. On the basis

f the most recent values of these parameters, as observed from

he data available, the model can be used to predict the number

f cases in the near future. 

.2. The Fourier decomposition method 

The Fourier representation is a widely-used tool for the mod-

ling and analysis of various physical phenomena. It decomposes

 time-series in terms of sine and cosine basis functions. Here,

he main concept is to decompose the COVID-19 time-series into

 set of desired frequency bands using the Fourier decomposition

ethod (FDM), and obtain various trends (low-pass components

apturing the average behavior) and variabilities (high-pass com-

onents denoting the variations from the trend). These trends are

hen fitted with a mixture of Gaussian functions to predict the

ize of the pandemic. The FDM is an adaptive time-series and data

nalysis approach based on the zero-phase filtering [13] . It de-

omposes a time-series into a constant and a set of band-limited

omponents termed as Fourier intrinsic band functions (FIBFs). The

IBFs are zero-mean, adaptive, and energy preserving functions. 

The FDM can be practically implemented using (a) Fourier rep-

esentations such as discrete Fourier transform, discrete sine trans-

orm, and discrete cosine transform (DCT); (b) Finite impulse re-

ponse and infinite impulse response based zero-phase filtering.

n this study, we have used the DCT based implementation of the

DM. Let c [ n ] be a time-series of a length N . The DCT type-2 of

 [ n ] is defined as [14] 

 [ k ] = 

√ 

2 

N 

σk 

N−1 ∑ 

n =0 

c [ n ] cos 

(
πk ( 2 n + 1 ) 

2 N 

)
, (4)

here 0 ≤ k ≤ N − 1 , σk = 1 for k � = 0 and σk = 

1 √ 

2 
for k = 0 . The

riginal time-series c [ n ] is recovered using the inverse DCT (IDCT)

s 

 [ n ] = 

√ 

2 

N 

N−1 ∑ 

k =0 

σk C [ k ] cos 

(
πk ( 2 n + 1 ) 

2 N 

)
. (5)

he DCT basis functions cos 

(
πk (2 n +1) 

2 N 

)
are a class of discrete poly-

omials [14] which form an orthogonal set. The time-series c [ n ]

an be written as superposition of M FIBFs 

[ n ] = 

√ 

2 

N 

N−1 ∑ 

k =0 

σk C[ k ] cos 

(
πk (2 n + 1) 

2 N 

)
= c 0 + 

M ∑ 

i =1 

c i [ n ] , (6)
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Fig. 1. Mathematical model fitted to the number of active cases for India (top), Italy (middle) and USA (bottom). 

Fig. 2. Plots of confirmed cases (or new cases) per day, various trends and variabilities. Trend and variability estimations in six time-scales from the COVID-19 data using 

the FDM with six frequency bands (FBs): (i) Trend ≥ 7 days with FB [0, 1/7], variability with FB (1/7, 0.5], (ii) Trend ≥ 14 days with FB [0, 1/14], variability with FB (1/14, 

0.5], (iii) Trend ≥ 21 days with FB (0, 1/21], variability with FB (1/21, 0.5], (iv) Trend ≥ 28 days with FB [0, 1/28], variability with FB (1/28, 0.5], (v) Trend ≥ 35 days with 

FB [0, 1/35], variability with FB (1/35, 0.5], (vi) Trend ≥ 42 days with FB [0, 1/42], and variability with FB (1/42, 0.5]. 
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here M < < N , c 0 = 

√ 

2 
N σ0 C[0] ,

 1 [ n ] = 

√ 

2 
N 

∑ K 1 
k =1 

σk C[ k ] cos 

(
πk (2 n +1) 

2 N 

)
, c 2 [ n ] =

 

2 
N 

∑ K 2 
k =(K 1 +1) 

σk C[ k ] cos 

(
πk (2 n +1) 

2 N 

)
, . . . , c M 

[ n ] =
 

2 
N 

∑ N−1 
k =(K M−1 +1) σk C[ k ] cos 

(
πk (2 n +1) 

2 N 

)
, and the values of 

 1 , K 2 , . . . , K M−1 are selected as per the application require-

ents. The trend τ [ n ] and variability v [ n ] can be computed from

he time-series c [ n ] as 

[ n ] = τ [ n ] + v [ n ] , (7)
here τ [ n ] = c 0 + 

∑ P 
i =1 c i [ n ] and v [ n ] = 

∑ M 

i = P+1 c i [ n ] are un-

orrelated. The trend and variability can also be writ-

en as τ [ n ] = 

√ 

2 
N 

∑ K 
k =0 σk C[ k ] cos 

(
πk (2 n +1) 

2 N 

)
and v [ n ] =

 

2 
N 

∑ N−1 
k = K+1 

σk C[ k ] cos 

(
πk (2 n +1) 

2 N 

)
, respectively, where the value of 

 is properly selected depending upon the desired time-scales of

he trend and variability. The DCT based FDM can be efficiently

mplemented using the fast Fourier transform algorithm [15,16] . 

From (7) , one can easily show that 
∑ N−1 

n =0 c[ n ] = 

∑ N−1 
n =0 τ [ n ] as

 N−1 
n =0 v [ n ] = 0 . Thus, it is interesting to observe that, if c [ n ] is the

ime series of COVID-19 cases per day, then total number of cases

s same as the sum of estimated trend. Once the trend of data is
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Fig. 3. Trend estimation from the COVID-19 data using the FDM; estimated trends are fitted with the Gaussian mixture model for the prediction of number of cases per day 

for World (top) and USA (bottom). 
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estimated, it is fitted using the Gaussian mixture model (GMM) de-

fined as 

g[ n ] = 

L ∑ 

i =1 

a i exp 

⌊
−
(

n − μi 

σi 

)2 
⌋

, (8)

where parameters a i , μi and σ i represent the amplitude, location

and width, respectively, and L is the number of peaks to fit. All the

parameters are computed using the MATLAB tool with 95% confi-

dence bounds by minimizing the error e [ n ] = τ [ n ] − g[ n ] . To mea-
ure how well g [ n ] fits the estimated trend τ [ n ], mean absolute

rror is obtained as 

AE = 

1 

N 

N−1 ∑ 

n =0 

| e [ n ] | . (9)

inally, predictions are obtained by extrapolating the GMM (8) for

ime Q > N . Total number of cases is obtained by computing the

rea under the curve, i.e., summation of g [ n ] over the time range

 ∈ [0 , Q − 1] . 
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Fig. 4. Trend estimation from the COVID-19 data using the FDM; estimated trends are fitted with the Gaussian mixture model for the prediction of number of cases per day 

for Italy (top) and India (bottom). 
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. Results and discussion 

.1. Mathematical model 

In this work, the data for the number of active cases (COVID-

9) for India, Italy, and USA is taken from [17] , last updated

n 0 6-0 6-2020. The average value of γ is computed individu-

lly for each country. The values of N c and α are updated as per

hange in the pattern of data owing to various precautions ob-

erved by the government and the residents of the nation, or oc-

urrence of some sporadic events leading to a sudden spike in

he spread of infections. The results for the three countries are as

ollows: 

 

India : The first case in India appeared on 30-01-2020, but

he number of cases started increasing rapidly after 01-03-2020.

ence, the proposed model is applied considering 01-03-2020 as

ay 1. The initial values for γ , N c and α are empirically estimated

s 0.0031, 1.59, and 0.5, respectively and d = 7 . γ is estimated from

he data regarding daily deaths, and the average value is then com-

uted for the time period in consideration. The values for N c and

are estimated in order to minimize the mean square error (MSE)

etween simulated Y i and actual value for the number of active

ases Y ∗
i 
, i.e., 

(N c , α) = arg min 

N c ,α

n ∑ 

i =1 

1 

n 

∣∣∣∣Y i − Y ∗
i 

Y ∗
i 

∣∣∣∣
2 

, (10)
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Table 1 

Parameters of the GMM (8) for confirmed cases (or new cases) per day with 95% confidence intervals (CI) for World, 

USA, Italy and India. 

Parameters World USA Italy India 

L 2 2 2 2 

a 1 1.171e + 05 2.207e + 04 3310 468.9 

CI (1.124e + 05, 1.217e+05) (1.733e + 04, 2.682e+04) (2914, 3706) (128.4, 809.4) 

μ1 153.8 82.45 55.51 126.9 

CI (148.7, 158.8) (81.7, 83.2) (55.13, 55.89) (125.8, 128) 

σ 1 52.41 16.28 13.33 2.796 

CI (45.48, 59.34) (14.18, 18.38) (12.32, 14.35) (0.476, 5.115) 

a 2 5.44e + 04 2.45e + 04 3200 1.537e + 04 

CI (4.863e + 04, 6.018e+04) (2.366e + 04, 2.534e+04) (3008, 3393) (1.124e + 04, 1.95e+04) 

μ2 89.99 117.1 75.75 165.8 

CI (89.38, 90.6) (113.6, 120.7) (73.57, 77.93) (153.6, 178) 

σ 2 18.96 35.09 27.3 52.63 

CI (17.4, 20.52) (28.92, 41.26) (25.84, 28.77) (47.52, 57.74) 

Table 2 

Parameters of the GMM (8) for deaths per day with 95% confidence intervals for World, 

USA, Italy and India. 

Parameters World USA Italy India 

L 2 2 2 2 

a 1 4766 1603 495.8 129 

CI (3927, 5606) (1479, 1728) (442.3, 549.4) (103.1, 154.8) 

μ1 96.39 88.16 60.35 130.9 

CI (95.48, 97.3) (87.77, 88.54) (59.87, 60.84) (129.2, 132.7) 

σ 1 25.39 11.49 12.91 11.54 

CI (24.09, 26.69) (10.66, 12.32) (11.79, 14.03) (9.61, 13.48) 

a 2 4126 1571 433.4 129.8 

CI (4026, 4226) (1515, 1627) (404.2, 462.5) (119.9, 139.7) 

μ2 143.4 110.9 80.56 116.7 

CI (140.7, 146) (109.4, 112.5) (78.19, 82.92) (113.1, 120.2) 

σ 2 42.75 29.93 29.41 32.82 

CI (32.92, 52.58) (28.39, 31.48) (27.76, 31.06) (30.52, 35.11) 
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where the subscript i denotes the i th day, and n is the number

of days considered. The initial values are carried until the MSE

crosses a threshold e 0 , and updated parameters are obtained to

minimize the MSE again. In this work, we consider e 0 as 0.02. The

number of active cases is depicted in Fig. 1 (top) as a function of

number of days. The lock-down was imposed on 22-03-2020, and

thereafter the slope of the plot has started reducing barring some

sporadic occurrences on a few occasions. As per current statistics,

the approximate values for N c and α are 0.94 and 0.48, respec-

tively. The model is used to predict the cases for the next 30 days,

and it is observed that the plot indicates a turnaround (peak active

cases) after 30 days from now, i.e., 07-07-2020. The less number

of deaths in India than other countries is a result of early action of

government, and probably a higher immunity of people than de-

veloped nations. 

Italy : The first case was identified on 29-01-2020, and the pro-

gression was not that rapid in the early days. However, the dis-

ease started spreading fast after 19-02-2020, which we consider

as day 1. The parameter values for Italy are initialized as 0.0072,

2.49, and 0.5 for γ , N c and α, respectively with d = 8 . Fig. 1 (mid-

dle) shows the active cases in the country. The lock-down orders

were passed by the government on 09-03-2020, but the number of

deaths has been more, owing to a lack of preparedness and lower

immunity levels of the people. Moreover, after a sharp increase in

the early days, the active cases have started declining since 21-04-

2020 (turnaround date) as the medical staff and the government

put up a consolidated fight with people adhering to the advisories

circulated by global health organizations. 

USA : It is a very big country with a population spread across

large areas. In sparsely populated areas, it is thus easier to obey

social distancing. Most of the cases have been reported from the

densely populated areas of the country, with the first case be-

c  
ng reported on 20-01-2020. The initial values are estimated as

.0041, 1.75, and 0.5 for γ , N c and α, respectively and d = 8 . In

ur model, we consider 22-02-2020 as day one as the number of

ases started increasing at a faster pace post this day. It is observed

rom Fig. 1 (bottom) that after crossing 1,30 0,0 0 0 active cases as of

oday, the turnaround may occur in 28 days from now, i.e., 05-07-

020. No lock-down was imposed in the country; however, suitable

estraining orders were observed by the various states, leading to

 gradual decline in the slope of the curve for the active cases. 

.2. FDM-based model 

This model derives the trends and variabilities of COVID-19 data

18] for daily confirmed cases, using the FDM, as shown in Fig. 2 .

ince the new confirmed cases are reported on a daily basis, there-

ore, sampling of the COVID-19 data is per day. Considering the

ormalized sampling frequency of data as F s = 1 , the maximum

requency component present in the data is f max = 0 . 5 , as per the

yquist sampling criteria. For example, the low-pass signal with

utoff frequency 1 
14 is present in band [0 , 1 

14 ] , which corresponds

o 14 days or longer time-scale trend, and the remaining high-pass

ignal component in frequency band ( 1 
14 , 0 . 5] represents the cor-

esponding variability. A single time-scale may not suffice in cap-

uring the trend for all the countries. Moreover, it is evident from

ig. 2 , that a trend with a time-scale of 35 days or more may not

apture local maxima of smaller magnitude as it represents a long-

erm trend, while a shorter time-scale of 7 (or 14) days is more

apable of capturing the local variations. However, one may argue

hether the local variations should be captured in the trend or

imply be referred to as variability. Also, the predictions for the

uture depend on the choice of time-scale, and it is difficult to as-

ertain a single time-scale, given the uncertain nature of the fu-
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Table 3 

Prediction of the total expected cases and end-date (date to reach 99% of the total expected cases), SIR prediction [10] with data as of 

06-06-2020, and proposed prediction with data as of 06-06-2020 [18] with 95% confidence intervals. 

S. No. Country Name Total cases as of 06-06-20 Total expected cases (Proposed) End-date (Proposed) End-date (SIR) 

1 USA 1,857,872 2,370,992 12-07-2020 09-07-2020 

2 Spain 240,978 249,754 28-05-2020 28-04-2020 

3 Italy 234,531 239,260 09-06-2020 06-06-2020 

4 France 149,495 159,308 03-06-2020 27-05-2020 

5 UK 283,315 313,684 29-06-2020 04-07-2020 

6 Germany 183,678 188,266 02-06-2020 22-05-2020 

7 Turkey 168,340 180,449 23-06-2020 14-06-2020 

8 Russian Federation 458,689 627,010 12-07-2020 17-07-2020 

9 Brazil 614,941 225,536 02-09-2020 16-08-2020 

10 Canada 94,070 107,100 13-07-2020 12-07-2020 

11 India 236,657 1,083,000 14-09-2020 12-09-2020 

12 World 6,663,304 12,702,528 23-09-2020 13-09-2020 
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ure trend. A time-scale of 14 days may turn out to be accurate

or one country but rather inaccurate for another. Further, a given

ime-scale may be suited for current data and become unfit for fu-

ure data. Therefore, trends are estimated on various time-scales

14 days or longer time-scale trend to 35 days or longer time-scale

rend). They are extrapolated using GMM to obtain a forecast for

he future. Fig. 3 depicts these trends and the future predictions

or the world and USA, while the plots for Italy and India are pre-

ented in Fig. 4 . Considering multiple trends and corresponding

redictions, averaging operation, excluding outliers, if any, is per-

ormed to obtain the final predictions. Total expected cases are ob-

ained as a cumulative sum of the cases reported daily. 

All the predictions are performed with 95% confidence intervals

CI). The parameter values for bi-modal GMM ( L = 2 ) and their CI

stimated from the data are listed in Table 1 for the world, USA,

taly, and India. The parameters a 1 and a 2 indicate the peak val-

es, while μ1 and μ2 mark the time of the peaks, with σ 1 and

2 referring to flatness (or sharpness) of these Gaussian curves.

or example, the peak number of daily cases for Italy occur on

5-03-2020 (55th day after the outbreak on 29-01-2020). Simi-

ar dates for world, USA, and India are estimated as 25-06-2020,

6-04-2020, and 05-07-2020, respectively. Further, the trends esti-

ated from data for daily deaths are also fitted using GMM, and

orresponding predictions are obtained. Table 2 shows the GMM

arameters and their CI estimated from this data. It is observed

rom this Table that the peak number of daily deaths for USA

ccurs on 04-05-2020. In order to measure the accuracy of pro-

osed GMM model, we obtain the mean absolute error (MAE):

i) for daily new cases: World (MAE: 1842.5), USA (MAE: 731.00),

taly (MAE: 102.38), and India (MAE: 53.53), and (ii) for daily new

eaths: World (MAE: 135.25), USA (MAE: 41.26), Italy (MAE: 15.51)

nd India (MAE: 2.13). 

The end-date is defined as the date to reach 99% of the total

xpected cases. These dates are estimated from the predicted val-

es for various countries and shown in Table 3 along-with the to-

al number of cases currently and total cases expected till the end-

ate. Similar results obtained by SIR [9] are also indicated for com-

arison. The data source considered by SIR is different from the

ne considered in this work, and thus the values differ at some

nstants. The results reported in this work are more accurate in

omparison to the earlier works [2,5] . 

. Conclusion 

In this paper, we have proposed two distinct methods for mod-

ling the number of people getting infected with the novel coro-

avirus (COVID-19). Firstly, a mathematical model captures vari-

us factors critical in determining the spread of the virus, and

ppropriate values are estimated using the available data. The

urnaround day for active cases is forecasted by predicting values
or the next 30 days. The measures taken by the authorities to con-

ain the infections are analyzed for three different countries, i.e.,

ndia, Italy, and USA. The second method develops a data-driven

odel to segregate the trend and variability from the data for daily

ases of infection. The Gaussian mixture model is developed to ob-

ain suitable predictions for the trend, which are used to ascertain

he peak value and the corresponding date for the fresh cases re-

orted in a single day. Further, the total number of cases, as well as

he end-dates for this pandemic spread across various parts of the

orld, are estimated with 95% confidence intervals and are com-

ared with a similar study performed earlier. This study is per-

ormed for academic and research purposes only, and the predic-

ions for the future are based on the assumption that the current

estrictive conditions would continue. 
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